INTRODUCTION
Alloy catalysts are of considerable interest in synthesis gas reactions as they may provide a means of improving the selectivity and activity properties.
Two active metals in the CO hydrogenation reaction are iron and ruthenium and numerous studies dealing with monometallic catalysts based on these metals have been reported. Only a few studies have dealt with the formation of RuFe alloys.
Ott et al. [I,21 correlated kinetic data with surface compositions of unsupported
RuFe catalysts. They observed an increase in olefin selectivity although the catalysts were rapidly deactivated, probably owing to an excessive build-up of carbon.
From XPS and SIMS data they concluded that reduced RuFe alloys show considerable iron enrichment in the first atom layer.
Schay and Guczi [3] studied RuFe films deposited under UHV conditions and did
not observe any catalytic activity. As no metal oxides were formed, they proposed that oxidic phases are a prerequisite in the formation of active RuFe catalysts.
Vannice et al. [4] reported interesting activity and selectivity properties for
silica-supported RuFe catalysts. They observed an increase in the olefin to alkane ratio when using alloy compositions with Ru/Fe ratios between I:2 and 2:l.
These results show a close resemblance to those for unsupported RuFe alloys.
However, no selectivity enhancement was found for catalysts with a low metal loading (< IL) [5-71.
This paper reports studies of synthesis gas conversion over silica-supported ruthenium-iron catalysts. The reducibility of the catalysts was studied by TPR experiments. The catalytic properties were examined in a differential fixed-bed reactor and a thermobalance. Olefin hydrogenation experiments were carried out to investigate the affinity of the RuFe catalysts to unsaturated products.
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EXPERIMENTAL

Catalyst preparation
The catalysts were prepared by incipient wetness impregnation of the support (AKZO Si-4) with acidified solutions of Fe(N03)3.9H20 (Merck) and RuC13.xH20 (Johnson Matthew, 41.83% Ru). The catalysts were dried at 298 K at reduced pressure, followed by thermal treatment at 385 K in air. After this drying period the catalysts were reduced in a flow of hydrogen at 475 K for 2 h followed by passivation in air at room temperature and storage for further use.
Kinetic measurements
The kinetic measurements and the olefin hydrogenation experiments were carried out in a conventional down-flow fixed bed reactor as described previously [8].
Before each experiment fresh catalyst (0.5 g) was reduced in a flow of hydrogen (3 1 h-l) at 675 K for at least 16 h. After this period the catalyst was cooled to the synthesis temperature, which was usually 550 K. All the experiments were carried out at atmospheric pressure. The gases were obtained from Hoekloos (H2, purity 99.9%; He, purity 99.995%), Matheson (CO, purity 99.5%; C3H6, purity 99.9%) and DSM (C2H4, polymerization grade). The hydrocarbon product distribution (C,-C6) was analysed by GLC.
Temperature-programmed reduction and oxidation
The TPR/TPO apparatus consisted of a microflow reactor, connected to a temperature programmer. At the start of the TPR (TPO) experiment a gas mixture of 5% H2/Ar (5% 02/He) was passed over the catalyst at room temperature. The temperature of the oven was then increased at a linearly programmed rate (5 K min-') and the uptake of hydrogen (oxygen) was measured with a thermal conductivity detector.
H2 chemisorption and X-ray diffraction
The H2 uptake experiments were performed in a conventional glass adsorption equipment. The passivated catalysts were reduced in a flow of hydrogen at 763 K (heating rate 5 K min-') for 2 h, followed by evacuation at 473 K for 1 h. 
RESULTS
Reduction characteristics
In For the Fe catalysts no significant H2 chemisorption results could be obtained.
The line broadening in the XRD spectrum indicated an average particle size of 20 nm.
Activity and selectivity
The rates of the CO hydrogenation, expressed as molar rates per gram of metal for both monometallic and bimetallic catalysts, are shown in Table 1 .
The reaction was performed at 550 K, atmospheric pressure and an H2 to CO ratio of 2:1. High space velocities were applied in order to achieve low conversion levels (all below 3'). It appears that the activity of the Ru catalysts is reduced by the introduction of iron, much more than in proportion to their Ru content.
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